In this research, effect of bee pollen supplement on antimicrobial, chemical, rheological, sensorial properties and probiotic viability of fermented milk beverages was studied. Bee pollens were added in the rate of 2.5 mg·mL -1 (B), 5 mg·mL -1 (C), 7.5 mg·mL -1 (D), 10 mg·mL -1 (E), and 20 mg·mL -1 (F). Control sample (A) was not supplemented with bee pollen. Control and supplemented milk samples were fermented by a commercial ABT1 starter culture (Chr. Hansen, Hørsholm, Denmark) containing Lactobacillus acidophilus La 5, Bifidobacterium animalis subs. lactis Bb 12, and Streptococcus thermophilus. While no antimicrobial impact was observed against L. monocytogenes, S. aureus, P. fluorescens, P. aeruginosa and A. hydrophilia upto 7.5 mg·mL -1 pollen addition, addition between 10 mg·mL -1 to 20 mg·mL -1 resulted in activity, and positive effect only in inhibition rates against bacteria such as S. thyphimurium and E. coli. Bee pollen supplements has shown a positive effect on probiotic viability and occurred on increase apparent viscosity, but their effect on sensorial properties was negative. Furthermore an improvement with increasing concentration of pollen addition that yielded no negative effect on physicochemical properties was detected.
Introduction
Functional foods generally contain one or more beneficial compounds such as prebiotic, probiotic, antioxidant polyphenols and sterols, carotenoids, and others. These foods present a potential to promote health by maximizing physiological functions of a person and not for the cure of illnesses (Granato et al., 2010) .
Fermented milks are widely produced in many countries. Fermentation is one of the oldest methods used to extend the shelf-life of milk, and has been practiced for thousands of years (Tamime, 2002) . Numerous scientific papers and review articles have been published on the health benefits associated with the consumption of fermented dairy products (Dave and Shah, 1998) . Therefore, every year the food industry develops new fermented milk products that are required by consumers for their health benefits (Salva et al., 2011) . Fermented milk beverages containing Lactobacillus acidophilus and Bifidobacterium spp. are well known dairy probiotic products produced in many countries as functional dairy products (Moayednia et al., 2009 ).
The majority of probiotic products available in the marketplace contain species of Lactobacillus and Bifidobacterium, which are the main genera of Grampositive bacteria currently characterized as probiotics (Granato et (Knorr, 1998) . Lactobacillus delbrueckii subsp. bulgaricus, and Streptococcus thermophilus are found in a number of preparations such as traditional yoghurts, frozen yoghurts, and in desserts in some places (Granato et al., 2010; Senok, 2009 ). Interest for probiotics has arisen in recent years especially in relation to the addition of Bifidobacterium, Lactobacillus acidophilus, Lactobacillus rhamnosus, Lactobacillus casei, Lactobacillus reuteri to the fermented dairy products such as yoghurt (Guldas and Irkin, 2010) . Yoghurts and fermented milks are still the main vehicles for incorporation of probiotic cultures. A probiotic dairy product should contain at least 6-7 Log cfu x g -1 of viable probiotic bacteria at the time of consumption and, should be consumed regularly in a quantity of higher than 100 g per day, or in other words at least 9 Log cfu per day (Kesenkas, 2010) .
Some starter cultures such as ABT (ABT-1 and ABT-2) from Chr. Hansen, Hørsholm, Denmark may necessitate the incorporation of micronutrients (peptides and amino acids) for reducing the fermentation time and for improving the probiotic viability. The added ingredients considerably affected the incubation time, as some provided peptides and amino acids for bacterial growth (Dave and Shah, 1998; Tamime, 2005) .
Bee pollen is a powder-like material produced by flowering plants pollen, mixed with nectar and bee secretions and gathered by the honey-bees. Pollens are the male reproductive cells of flowers and bees' primary food source, containing concentrations of phytochemicals and nutrients and rich in secondary metabolites. The old Egyptians describe pollen as "a life-giving dust." Pollen is called the only perfectly complete food and the main biological components of bee pollen are the phenolic acid derivatives and polyphenolic compounds, mostly flavonoid glycosides. The flavonoids are so called secondary plant compounds which have different important physiological and pharmacological activities. They possess diverse biological properties such as antioxidant, antiaging, anti-carcinogenic, antiinflammatory, anti-atherosclerosis, cardioprotective and improve the endothelial function (Graikou et al., 2011; Bogdanov, 2013).
Pollen is collected from flowers and one of the most important source of proteins, lipids, minerals and vitamins for bee survival. Recently, increasing evidence suggests its potential therapeutic benefits, including antioxidant properties and bioactive properties as functional dietary food supplement. In addition to saccharides, pollen contains 7.4 % moisture, at least 20.0 % proteins, 6.0 % lipids and 2.2 % ash, plus minerals, vitamins and carotenoids. Proline, aspartic acid, phenylalanine and glutamic acid are the primary amino acids in pollen (Roldán et al., 2011) .
The phenolic composition of pollen principally consists of flavonol glycosides and hydroxycinnamic acids. It is popularly believed that regular consumption of bee pollen has a beneficial effect on several medical conditions, such as: depression, anemia, stress-related diseases, memory loss, intestinal and prostate problems, impotence, ageing, impeared immune functions, and antibiotic, antineoplasic, antidiarrhoeic and antioxidant properties (Graikou et al., 2011; Morgano et al., 2011) . Also, use of bee pollen as food supplement has been proposed to ameliorate various diseases such as bronchitis, dermatitis and allergies (Martín-Muñoz, 2010). However, there are very few studies about using of bee pollen in food and dairy industry.
The aim of this study was to formulate a novel functional fermented milk beverages using bee pollen and selected probiotic strains. Also the effect of bee pollen supplement on antimicrobial, chemical, rheological, sensorial properties and probiotic viability of fermented milk beverages were studied.
Materials and methods

Materials
Starter culture and bee pollen
In the production of fermented milk beverages ABT-1 containing L. acidophilus, Bifidobacterium animalis subsp. lactis and S. thermophilus commercial starter culture (Chr. Hansens's, Hǿrsholm, Denmark) were used. One gram of lyophilized starter culture was added to 100 mL of sterilized reconstituted skimmed milk containing 0.12 g·mL -1 dry matter. After milk coagulated (37 °C) at pH 4.6, it was kept at 4 °C for 24 h. Commercial bee pollen (10 % dry matter, 20 % protein and 31.5 % carbohydrates) were obtained from Ari Dunyasi, Istanbul, Turkey.
Production of fermented milk beverages
UHT milks containing 1.5 % fat and 9.0 % nonfat solids divided 6 parts and bee pollens were added in the final concentration so that 2.5 mg·mL -1 (B), 5 mg·mL -1 (C), 7.5 mg·mL -1 (D), 10 mg·mL -1 (E), and 20 mg·mL -1 (F) in sterilized bottle. Bee pollen was not added into the control sample (A). After then activated starter culture were added to rate of 3 %. The fermentation lasted after ten hours. At the end of the fermentation pH reached 4.8 and incubation was ended. Samples were put into sterilized glass cups (500 mL) and stored at 4 
Physico-chemical analyses
Proteins were determined by the Kjeldahl method, total solids by drying at 105 °C until constant mass according to the National Standard (TSE, 2003) , titratable acidity of the samples was measured by titrating a 10 mL sample with 0.1 mol·L -1 NaOH using phenolphthalein as indicator (Oysun, 2001 ) and the results were expressed as percentage of lactic acid. pH value of samples was measured on a Microprocessor pH 211 digital pH-meter (Hanna Instruments, Amorim -Povoa de Varzim, Portugal) standardized with pH 4.00 and 7.00 using standard buffer solutions (Helrich, 1990) . The extent of proteolysis was determined by measuring the free amino acid concentration in the filtrates of lactic beverages by the method of Church et al. (1983) . 150 µL filtrate was mixed with 3 mL of OPA (o-phthaldialdehyde, Sigma-Aldrich, St. Louis, Missouri, USA) reagent for 10 s, and the resulting absorbance was measured at 340 nm within 2 min. using spectrophotometer Spekol-1300 (Analytik Jena, Jena, Germany). Results were given as abs at 340 nm.
Measurement of viscosity
A Brookfield Rotational Rheometer (Model DV-II Pro LV, Brookfield Engineering Laboratories, Middleboro, Massachusetts, USA) with LV-3 cylindrical spindle was used for determination of rheological properties of fermented milk beverages on 2 m·s -1 at 8 °C (Demir et al., 2012) . Viscosity values of samples were recorded using RHEOCALC 32 Application Software (Brookfield Engineering Laboratories) and all viscosity measurements were expressed in millipascal-seconds. .
Antimicrobial activity
Preparation of pathogen and spoilage microorganisms
Determination of antimicrobial activity
Antimicrobial activity of fermented milk beverag- Suspensions of test bacteria were added containing 25 mL sterile Tryptic Soy Agar at 44 -48 °C, and poured into petri plates (8 cm diameter).
Plates were left at 37 °C for 1 h and the paper discs diffusion was used to detect the antibacterial activity of fermented milk beverages. Then, plates were left appropriate temperature for incubation. After the incubation, inhibition zones formed in the medium were measured in millimeters. Antimicrobial activity was evaluated negative (-) for zone diameters less than 8 mm, 8 mm positive (+), -10 mm positive (++), and 11-14 mm positive (+++) for zone diameters. The experiment was performed in duplicate.
Microbiological analyses
The colony counts of L. acidophilus, B. lactis, and S. thermophilus were enumerated in each sample (10 mL) following serial dilution in steril peptone water (1 mg·mL -1 ). Appropriate dilutions were plated in duplicate using the following selective media (Oxoid; Sigma-Aldrich): MRS-sorbitol agar, MRS-nalidixic acid, neomycin sulphate, lithium chloride and paromomycin sulphate (NNLP) agar, M-17 (Merck, Darmstadt, Germany) and incubated anaerobically at 37 °C for 72 h and aerobically 37 °C for 72 h were used for the enumeration of L. acidophilus, B. lactis and S. thermophilus respectively (Tharmaraj and Shah, 2003) .
Sensorial analysis
The prepared fermented milk beverage samples were analysed for aroma, texture, and general acceptability after 1, 7, 14, and 21 days of storage at 4 °C. The acceptability test was carried out with 7 educated panelists familiar with the product. A 9-point hedonic scale was used to evaluate the acceptability of the products including both the number and verbal scores were provided to the panelists. The scores were; like extremely (9), like very much (8), like moderately (7), neither like nor dislike (5), dislike moderately (3), dislike very much (2), and dislike extremely (1) . A section for the panelist's comments was present in the evaluation sheet (Bodyfelt et al., 1998; Koksoy and Kilic, 2004) .
Statistical analysis
Statistical analysis of the obtained data was performed by the analysis of variance in SPSSv.10.05 (SPSS, Chicago, Illinois, USA). Means with a significant difference were compared by Duncan's multiple range tests. P-values <0.05 were considered statistically significant. All analyses were performed in triplicate.
Results and discussion
Physico-chemical properties
The main values for total solids and fat concentration of fermented milk beverages at 1 st day of storage are given Table 1 . The main differences among fermented milk beverages resulted from the addition of bee pollen. As expected, the supplemented with pollen of fermented milk beverages resulted in an increase (P<0.05) of total solids content. This is a consequence of the relatively high concentration of dry matter and protein in pollen. Since pollen usually does not contain fat, no significant differences were observed in fat concentration. However protein values varied significantly, which was significantly affected by the addition of 20 mg·mL -1 pollen (P<0.05). The OPA-based spectrophotometric assay detects released a-amino groups, which originate from the proteolysis of milk proteins, thus giving a direct measurement of proteolytic activity (Shihata and Shah, 2000) . On the contrary of our results, some researchers have suggested that proteolysis exerts two types of effects, an increase in the digestibility and a decrease in firmness or viscosity of the product (Sarkar and Misra, 2010).
Investigation of proteolytic activity levels showed an increase in the proteolytic activity levels of pollen added beverages (P<0.05). Such findings probably resulted from the relatively high protein concentration of pollen added samples. The variable protein concentration (between 20.0 % and 35.0 %) of pollen was proposed by many researchers (Morgano et al., 2011; Roldán et al., 2011). Therefore, even a slight increase in protein concentration was achieved depending on the concentration of the pollen added, and this increase had an impact on the proteolytic activities of the samples.
The pH and acidity values of fermented milk beverages during storage are shown in Table 2 . The results of a decrease in pH with or without bee pollen were the different during storage in all samples. Therefore, pollen supplementation to fermented milk beverages had an influence on the pH decrease. While pH values for the samples were ranged between 4.63 and 4.57 at the first day of storage (P>0.05), at the end of storage were 4.07 and 4.21 (P<0.05). Tamime and Robinson (2007) suggested that the obtainment of fermented milks in this pH range could result in a better rearrangement and aggregation of casein particles. It is obvious that the values of titratable acidity increased significantly (P<0.05) 
Viscosity properties
Viscosity of all fermented milk beverages with or without bee pollen supplementation are presented in Table 3 . The addition of bee pollen resulted in a significantly (P<0.05) higher viscosity compared with control sample. The increase in apparent viscosity corresponded with the increase of solid concentration.
20 mg·mL -1 supplementation had the highest apparent viscosity with 58.50 mPa·s on 21 st day of storage. C sample had the lowest apparent viscosity value and was significantly different from other samples on 21 th day of storage (P<0.05). The storage time of the fermented milk beverages (control and supplemented with bee pollen) influenced significantly their apparent viscosity (Table 3) . While the apparent viscosity values of B and C samples decreased, the apparent viscosity values of the other samples increased during storage period (P<0.05). This also can be attributed to the higher total solids and protein content in the supplemented with bee pollen compared to control sample. High level of solids in the fermented milk increase viscosity of the final product.
Antimicrobial activity
The antimicrobial activities of control and pollen added samples were seen in Table 4 Probiotic bacteria used for production of fermented milk products are able to exhibit an antimicrobial effect against a great many of bacteria. This effect might change depending not only on the species of probiotic bacteria or test bacteria, but also on the concentration of the probiotic bacteria in the product. This effect results from the mentioned bacteria themselves, or their metabolites (Šušković et al., 2010 ).
Pollen addition did not exhibit any effect against bacteria such as Bacillus ssp. and C. jejuni. There was no change in the inhibition ratios at the beginning and end of storage period. These results showed that neither culture bacteria nor pollen had antimicrobial activity. Therefore, antimicrobial activity against those bacteria may be improved by increasing the concentration of pollen addition. Table 3 . Viscosity changes of fermented milk beverages supplemented with bee pollen 
Viability of probiotic bacteria
Maintaining the probiotic viability of cultures in food until the end of shelf life is an important criteria to provide probiotic food products. A major challenge associated with the application of probiotic cultures in the fermented dairy products is maintaining of viability. Probiotics, especially bifidobacteria, generally grow poorly in milk compared to the traditional yoghurt bacteria due to the lack of proteolytic and glycolytic activities as well as relatively high nutritional demands to some nutrients such as non-protein nitrogen and B-group vitamins (Mohammadi and Mortazavian, 2011).
Many studies stated that several nutrients added into fermented milk products had an impact on the survival of probiotic bacteria; however, in the moment the number of the studies about supplementation of bee polen is still not sufficient to support supplementation. Table 5 shows the changes in counts (expressed as logarithm of colony-forming units per milliliter) of the L. acidophilus, B. lactis, and S. thermophilus during period storage of fermented milk beverages. In general, the counts of S. thermophilus were higher than those of probiotic bacteria, at the beginning and at the end of the 21 st day of storage period. This finding is complying with the specifications given by 
Sensory properties
Fermented milk beverages supplemented with bee pollen and control sample were arranged in terms of aroma, texture, general acceptance and the results are presented in Table 6 . Although aroma is the most important sensory characteristic, the 20 mg·mL -1 pee pollen supplemented fermented milk beverage had the lowest scores in aroma properties during storage period. Non supplemented control fermented milk had the highest scores in the other bee pollen supplemented beverages (P<0.05). Storage period had a positive impact on the aroma scores of the products as well (P<0.05). Late increasing in acidity and low pH during storage period, could have positive impact on preferability of fermented milk products.
In general, scores of fermented milk beverages had decreased (P<0.05) with the addition of bee pollen. According to the aroma panel, the highest scores were given by the panelists to the control sample. Bee pollen supplement influenced negatively the taste of fermented milk samples (P<0.05). Increase in the amount of lactic acid occurring towards the end of storage period had a positive impact on the flavours of the samples and due to the pollen addition; the negative characteristics could be suppressed.
On the contrary, pollen addition had a positive impact on the texture scores of fermented milk products. Texture scores were influenced positively by increasing ratio of pollen addition, especially the sample enriched with 20 mg·mL -1 of pollen had the highest score (P<0.05). These results were supported with viscosity properties of samples. Yet, the scores of the 21 th day of storage were higher compared to the ones of the 1 st day. Increasing the ratio of dry matter in fermented milk beverages made a positive impact on the structural and sensorial properties of the products, which was in conformity with the scores of panelists.
The general acceptance was directly proportional to flavour scores. The control sample obtained the highest scores, while fermented milk beverage enriched with 20 mg·mL -1 of pollen obtained the lowest score. Obtained results showed that enrichment of fermented milk beverages with pollen had a negative effect especially on aroma. Such a product could become more desirable with flavour ingredients or fruit pulps added in order to mask the strange flavour arising from pollen.
Conclusion
The results of this study showed that enrichment of fermented milk beverages with bee pollen had affected the acidification profile, counts of viable bacteria and rheological properties. The concentration of 5-7.5 mg·mL -1 of pollen was more appropriate than 10-20 mg·mL -1 because of better acceptability and it can be used less pollen at industrial level. Since the added pollen had negative effects on the sensorial properties, addition of flavour ingredients, fruit pulps, adding sweeting agents during product development could be possible. Also, due to the fact that pollen might have an impact on children's allergies, special attention must be paid to production of such products, and this must be declared on the product labels.
Utjecaj dodatka pčelinjeg peluda na antimikrobna, kemijska, reološka i senzorska svojstva te preživaljavanje probiotika fermentiranih mliječnih napitaka Sažetak U ovom je istraživanju utvrđivan utjecaj dodatka pčelinjeg peluda na antimikrobna, kemijska, reološka i senzorska svojstva te preživljavanje probiotičke kulture u fermentiranim mliječnim napitcima. Pčelinji pelud je dodan u koncentracijama od 2,5 mg·mL 
